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FACTORS  AFFECTING  STEAL  STERILIZATION 

OF  SOME  ALBERTA  SOILS 


INTRODUCTION 

It  would  be  of  great  advantage  if  the  soil  micro¬ 
biologist  could  study  singly  and  in  artificial  grouping  the 
microflora  of  the  soil  in  their  natural  medium.  On  the  surface 
the  problem  appears  a  simple  one  of  killing  all  the  organisms 
in  the  soil,  and  then  recontaminating  as  desired.  It  is  in 
this  seemingly  simple  process  of  sterilization  that  the  com¬ 
plexity  of  the  problem  arises. 

The  present  available  methods  of  achieving  soil 
sterility  are  the  application  of  moist  or  dry  heat,  and 
chemical  disinfectants.  As  a  result  of  their  application,  the 
chemical  and  physical  nature  of  the  soil  has  been  shown  to  be 
changed  to  such  an  extent  that  the  purpose,  which  is  to  obtain 
media  conditions  closely  related  with  actual  field  conditions, 
appears  in  a  measure  defeated.  Nevertheless,  heat  sterilized 
soil  has  been  frequently  used  to  advantage  in  studying  soil 
organisms,  especially  in  pathology. 

A  review  of  the  literature  indicates  that  with  dry 
heat  the  amount  of  soluble  matter  in  the  soil  increases 
gradually  with  increasing  temperature  until  200°C  (7,  15)  is 
reached.  At  this  temperature  dry  heat  causes  a  measurable 
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loss  of  ammonia  from  the  soil.  At  higher  temperatures  chemical 
losses  and  changes  are  greatly  intensified.  Physical  changes 
induced  by  dry  heat  appear  to  be  at  a  minimum  below  that 
temperature  but  at  a  maxinun  above  it.  Unfortunately,  most  of 
the  literature  available  for  review  was  confined  to  the 
application  of  dry  heat,  and  a  clear  picture  of  the  effect  of 
moist  heat  was  not  obtainable. 

It  was  thus  reasoned  that  if  a  soil  could  be 
sterilized  at  a  temperature  below  the  seemingly  oritical  temp¬ 
erature  of  200JCf  the  resultant  chemioal  and  physical  changes 
might  not  be  great  enough  to  preclude  the  possibility  of 
using  sterile  soil  as  a  natural  medium  for  the  study  of  the 
microflora.  Apart  from  this,  information  on  the  tine  and 
temperature  required  to  sterilize  soil  would  have  practical 
application  in  laboratory  work.  With  this  in  mind  a  1. 
investigation  into  the  minimum  time,  temperature,  and  optimum 
soil  condition  for  achieving  sterility  was  made.  Because  of 
its  high  efficiency  as  a  sterilizing  agent,  steam  heat  was 
used  in  this  study,  despite  the  suggestion  that  it  would  in¬ 
tensify  the  chemical  and  physical  changes. 


:  li 


(3 


REVIEW  OF  THE  LITERATURE 

The  published  literature  concerning  the  practice  of 
sterilizing  materials  by  chemical  and  physical  methods  has 
been  adequately  reviewed  by  J/cCulloch  (16)  and  Hahn  (2b). 

The  application  of  these  methods  to  the  sterilization 
of  soil  has  been  found  to  induce  certain  changes  in  the  soil’s 
chemical  and  physical  constitution.  Recognizing  this,  Coleman, 
Lint,  and  ]  opeloff  (5)  conducted  an  investigation  to  find  the 
most  efficient  method  of  sterilizing  a  soil  with  the  least 
resulting  chemical  and  physical  changes.  They  compared  inter¬ 
mittent  sterilization  of  moist  and  dry  clay  loam  by  dry  heat 
at  82°C  with  the  intermittent  application  of  various  chemicals 
in  vacuum,  under  pressure,  and  in  combination  with  heat.  In 
no  case  did  they  achieve  sterility,  but  it  is  interesting  to 
note  that  the  application  of  dry  heat  to  moist  soil  was  much 
more  efficient  and  resulted  in  less  chemical  change  for  the 
same  degree  of  destruction  than  any  of  the  other  methods. 

For  comparative  purposes  they  autoclaved  a  fifty  gram  sample 
for  15  minutes  at  15  oound:  pressure  (121°C)  and  achieved 
sterility,  but  with  an  increase  in  water  soluble  solids  eight 
times  greater  than  that  obtained  with  dry  heat  on  moist  soil. 

The  effect  of  sterilizing  and  disinfecting  a  soil 
by  means  of  the  application  of  heat  and  chemicals  has  been  the 
subject  of  numerous  investigations.  Kopeloff  and  Coleman  (15) 
in  their  review  of  the  work  prior  to  1916  report  that  many  of 
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the  early  workers  found  an  increase  in  both  the  organic  and 
inorganic  water  soluble  matter  in  heat  treated  soils.  Further¬ 
more,  the  amount  of  increase  in  soluble  matter  appeared  to  vary 
directly  with  the  amount  of  organic  matter.  This  led  some 
workers  to  propose  steaming  as  a  means  of  measuring  the  fertility 
of  a  soil.  The  theory  was  that  the  more  easily  and  largely  the 
organic  matter  was  decomposed  by  steaming  under  pressure,  the 
more  easily  and  extensively  the  plant-food  of  the  soil  became 
available  to  the  plants.  This  was  supported  by  other  workers 
who  found  that  sterilized  loam  soil  produced  good  crops  while 
sterilized  subsoil  produced  poor  crops.  Additional  support 
came  from  the  observation  that  the  steaming  of  organic  matter 
as  distinct  from  humic  matter  resulted  in  only  a  small  increase 
in  the  available  compounds,  but  that  steaming  of  humio  matter 
resulted  in  a  large  increase. 

Analysis  of  the  aqueous  soil  extract  before  and  after 
steaming  was  made  by  a  number  of  these  early  workers.  Phosphate 
and  nitrogen  were  found  to  be  greatly  increased,  although  some 
workers  reported  an  increase  in  one  form  of  nitrogen  and  a 
decrease  in  another. 

Physioal  changes  were  also  observed  in  the  steamed 
soils.  I.opeloff  and  Coleman  (15)  report  that  some  early 
investigators  found  an  increase  in  the  absorptive  capacity  of 
steamed  air  dry  soils  and  a  decrease  in  steamed  moist  soils. 

They  also  report  that  steam  heating  for  two  hours  at  pressures 
from  1.5  to  2.5  atmospheres  was  found  by  Czermak  to  reduce  the 
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soil  surface  and  consequently  the  hygroscopicity  by  coagulating 

the  soil  colloids. 

In  the  majority  of  cases,  these  results  were  obtained 
from  comparatively  severe  treatments,  with  pressures  ranging 
from  1  to  5  atmospheres,  and  from  periods  of  3  to  12  hours. 

It  appears  that  the  early  investigators  were  interested  only 
in  establishing  the  fact  that  heat  did  induce  changes  in  the 
soil,  and  in  defining  the  nature  of  the  changes.  Little  work 
was  done  with  respect  to  the  rate  or  degree  of  change  over  a 
range  of  temperatures. 

Y/ith  respect  to  the  degree  of  change  at  various 

temperatures  Kelley  and  MoGeorge  (12)  reported  increasing 

solubility  of  a  number  of  minerals  with  increasing  temperatures 

They  applied  dry  heat  to  different  types  of  Hawaiian  soils. 

Drying  the  soils  at  100°C  resulted  in  a  small  increase  in  the 

water  soluble  calcium,  magnesium,  manganese,  phosphate,  sulfate 

and  bicarbonate.  The  changes  in  potash,  silica,  and  alumina 

were  found  to  vary,  with  an  increase  in  some  soils  and  a 

decrease  in  others.  In  the  majority  of  the  soils  tested,  iron 

was  found  to  decrease  in  solubility  although  in  some  a  slight 

increase  was  recorded.  At  150°C  these  chemical  changes  were 

somewhat  intensified  and  nitrates  began  to  decompose.  At  200°C 

this  decomposition  of  the  nitrates  was  more  extensive  and  at 
o 

250  C  praotically  total  destruction  took  place.  The  solubility 
of  phosphorus  appeared  to  reach  a  maximum  at  200°C  and  at  this 
temperature  ammonia  was  produced  in  rather  large  amounts. 
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Kelley  end  Thompson  (lo)  reported  that  steam  heat 

applied  to  soils  at  2  atmospheres  pressure  produced  a  similar 

o 

chemical  change  to  that  produced  by  dry  heat  at  150  C.  At 
200°C  all  of  the  lateritic  soils  used  in  the  investigation 
gave  increases  in  ammonia,  A  few  soils  were  found  to  have  a 
decreased  content  of  amide  nitrogen  v/hile  others  were  found  to 
have  an  increased  oontent  after  heating.  Considerable  losses 
in  the  amounts  of  non-basic  nitrogen  were  found,  but  no  changes 
in  the  amounts  of  basic  nitrogen  were  observed. 

Schreiner  and  Lathrop  (27)  have  obtained  some  inter¬ 
esting  results  from  their  investigation  of  the  chemistry  of 
steam-heated  soils.  They  steamed  ten  pounds  of  two  silt  loams 
at  50  pounds  pressure  (I5i°0)  for  3  hours.  On  extracting  the 
soil  with  a  2  per  cent  NaOH  solution,  they  found  a  large 
increase  in  soluble  solids.  Analysis  of  the  extract  revealed 
an  increase  in  the  ammonia  and  amino  acid  content  and,  in 
addition,  the  presence  of  new  organic  compounds  such  as  arginine, 
cytosine,  guanine,  xanthine,  and  hypo  anthine  which  were  absent 
before  heating.  They  concluded  that  these  compounds  resulted 
from  the  heat  destruction  of  nuoleic  acid  and  the  protein 
material  of  the  soil.  Dlhydroxystearic  acid  was  found  to  be 
greatly  increased  in  one  of  the  loams  in  which  it  was  present 
originally,  and  a  smaller  amount  was  found  in  the  other  loam 
in  which  it  was  not  present  originally.  This  compound  is 
known  to  be  toxic  to  plants. 
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On  analysing  aqueous  extracts  from  dry  heated  soils, 
Pickering  (20,  21,  22)  found  that  the  soluble  mineral  and 

organic  matter  increased  with  temperatures  ranging  from  60°C  to 

0  o 

250  C.  The  soluble  nitrogen  increased  sharply  after  100  C. 

He  also  noted  that  un  Increased  moisture  content  of  the  soils 

had  a  tendency  to  intensify  the  change. 

Kussell  and  Hutchinson  (26)  observed  that  steaming 
a  soil  at  atmospheric  pressure  (yb°C)  resulted  in  an  increase 
in  the  unstable  nitrogen  compounds  and  therefore  concluded 
that  something  more  than  a  simple  liberation  of  ammonia  was 
involved.  The  increase  in  ammonia  obtainei  was  about  five 
parts  per  million  of  soil.  A  smaller  increase  in  nitrate  was 
recorded. 

l.och  (14)  used  the  depression  of  the  Freezing  Point 
as  a  means  of  measuring  the  arount  of  soluble  matter  in  aqueous 
soil  extraots.  He  observed  that  in  both  commercial  and 
laboratory  methods  of  steaming  soils  the  heavier  soils  were  more 
influenced  by  the  treatments  than  the  lighter  soils. 

Potter  and  Snyder  (25)  applied  dry  heat  and  steam 
heat  under  pressure  to  three  different  silt  loams  and  a  peat. 
Their  results  are  consistent  with  those  of  other  workers  in 
that  with  the  application  of  dry  heat  the  ammonia  and  amino 
acid  contents  were  increased,  and  in  that  the  nitrates  were 
increased  slightly  at  100°C  but  lost  to  the  soils  at  200°C. 

This  also  held  true  for  the  peot  except  that  the  relative 
increases  were  smaller,  probably  owing  to  the  loss  of  ammonia 
to  the  atmosphere. 
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It  is  difficult  to  drcr.  any  definite  conclusions 
from  the  results  of  Potter  and  nyder  as  to  the  effect  of 
increasing  temperature  on  the  steamed  samples,  as  the  results 
©re  confused  with  time.  They  used  ©  9  hour  treatment  at  10 
pounds  pressure,  and  a  o.  hour  treatment  at  lb  pounds  pressure. 
Increases  in  all  forms  of  nitrogen  were,  how  -er,  recorded,  the 
larger  increase  being  observed  with  the  10  pounds  -  9  h^ur 
treatment.  Tn  contradiction,  they  found  an  increase  in  nitrate 
iu  tl  I  soil  ta4  t  a  iecrea  e  as  reported  by  otlier 

workers. 

Gustafson  (7)  dried  soil  in  an  electric  oven  at  10£°C 
for  8  hours  end  found  that  the  quantity  of  water  soluble 
material  removed  by  a  one-to-fiva  water  extraction  was  Increased 
to  a  marked  degree.  He  found  a  sharp  decrease  in  tho  amount 
of  nitrate  in  the  soil  after  heating,  hvaporating  a  solution 
of  potassium  nitrate  to  dryness  at  105°C  also  produced  a 
distinct  loss  in  nitrate. 

In  a  study  of  the  influence  of  heated  soils  on 
gemination  and  plant  growth,  Johnson (9)  observed  that  the 
toxic  action  of  heated  soil3  increased  with  temperature  until 
a  maximum  was  reached  at  250°C,  after  which  further  temperature 
rise  resulted  in  its  quick  disappearance.  The  concentration  of 
the  soil  solution  and  the  ammonia  content  of  che  soil  was 
observed  to  follow  the  sane  pattern,  which  led  him  to  conclude 
that  they  were  roughly  correlated  with  the  degree  of  toxicity 
of  the  soils  to  seed  germination  and  early  >lant  growth.  A 
review  of  the  literature  and  further  investigation  led  Johnson 
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to  conclude  that  the  m  -  w« 8  held  in  the  soil  as  ammonium 

carbonate. 

Heat  induced  physical  changes  in  a  wide  range  of 
soil  types  v/ere  studiec.  by  Bouyoucos  (3).  The  soils  were  heated 
in  an  electric  furnace  at  100°,  170°,  230°,  485°,  and  800°C  for 
a  period  of  7  hours.  After  cooling,  they  were  examined  v/ith 
regard  to  heat  of  wetting,  water  holding  capacity,  and 
plasticity.  It  was  found  that  the  three  properties  began  to 
be  affected  at  2oO°C.  At  that  temperature  the  changes  com¬ 
menced  to  be  perceptible.  .t  48b°C  all  three  properties  were 
greatly  reduced  and  at  80C°C  they  were  destroyed. 

Puri  and  Ashgar's  (24)  experimental  results  agreed 
with  those  of  Bouyoucos  in  that  complete  destruction  of  the 
colloidal  properties  was  attainec  at  80C°C.  After  reaching 
400°C  they  observed  that  the  base  exchange  capacity  declined 
rapidly  v/ith  further  temperature  rise.  ;.t  this  temperature 
the  humus  was  completely  burned,  and  after  5uO°C  the  soils 
lost  very  little  weight  on  further  heating.  A  progressive 
decrease  in  hygroscopicl ty  with  increasing  temperature  v/as 
noted  after  230°C.  The  failure  of  alkali  saturated  colloids  to 
release  alkali  while  being  subjected  to  heat,  led  them  to  con¬ 
clude  that  heating  soils  at  high  temperatures  caused  a  fusion 
of  the  colloidal  particles  with  a  resultant  loss  of  colloidal 
properties. 

The  results  of  Sreenivnsan  and  Aurangabadkar  (30) 


followed  a  similar  pattern.  They  studied  the  physical  changes 
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induced  by  heating  a  soil  at  100°  and  15G°C,  and  by  "fire- 
heating".  A  small  decrease  in  the  colloidal  properties  in  the 
heated  soil,  and  a  large  decrease  in  the  "fire-heated"  soil 
were  reported.  On  investigating  the  chemical  changes,  the 
authors  found  little  change  in  the  carbon  content  of  the  soil 
up  to  150°C,  but  "fire-heating"  reduced  the  carbon  by  half. 

They  recorded  no  change  in  the  available  potassium,  phosphorus, 
or  total  nitrogen.  Sreenivasan  and  Aurangabadkar  suggested 
that  the  changes  attendent  on  "fire-heating"  the  black  clay  of 
the  Malwa  region  in  India  and  the  changes  attendent  on  the 
application  of  humic  manures  were  comparable. 

Malowany  (18)  in  a  study  of  the  changes  caused  by 
steaming  four  Alberta  soils,  reported  little  change  in  the 
physical  properties.  He  did,  however,  obtain  a  significant 
decrease  in  the  capillary  rise  of  the  four  soils,  and  it  is 
interesting  to  note  that  the  decrease  was  greatest  in  the  high 
organic  soils  and  least  in  the  low  organic  soils.  Of  the 
chemical  changes  studied,  1,'alowany  found  no  significant  change 
in  the  pH,  but  an  increase  in  the  water  soluble  phosphorus  and 
sulfate  was  observed.  These  results  were  obtained  by  auto¬ 
claving  the  soils  in  one  gallon  crocks  at  15  to  17  pounds 
pressure  for  ^5  minutes  on  the  first  day,  and  for  450  minutes  on 
the  second.  This  treatment,  in  comparison  to  that  of  other 
workers,  was  very  light. 

It  would  appear  from  a  review  of  these  investigations 
that  the  effect  of  the  application  of  moist  or  dry  heat  on  the 
physical  condition  of  the  soil  was  mainly  that  of  fusing  the 
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colloidal  particles,  this  d ecree sing  the  colloidal  properties 
of  the  soil.  The  corresponding  effect  on  the  chemical  consti¬ 
tution  of  the  soil  has  been  shown  to  be  nore  complex.  A 
number  of  workers  have  denonstrated  an  accumulation  of  ammonia 
and  amino  nitrogen  and  a  loss  in  nitrate  nitrogen  on  heating. 
Some  investigators  have  reported  the  breakdown  of  organic  and 
humic  materials  v/ith  the  formation  of  new  organic  compounds. 

An  increase  in  the  solubility  of  a  number  of  minerals  has  been 
observed  while  other  minerals  have  been  shewn  to  decrease  in 
solubility. 

The  results  of  the  reported  investigations  suggest 
that  heat  induced  changes  begin  to  occur  at  temperatures  as 
low  ao  60°G  with  a  gradual  increase  in  the  degree  of  change 
until  200°C  is  reached,  when  chemical  changes  become  intensive 
and  tho  physical  properties  ol  the  soil  begin  to  be  measurably 
affected.  Heavier  soils  and  those  containing  large  percentages 
of  organic  and  humic  matter  appear  to  be  tho  most  affected. 

The  practical  problem  of  sterilizing  soil  by  the 
application  of  heat  is  to  renoh  all  the  particles  of  soil  with 
such  temporatures  and  exposures  as  will  result  in  the  death  of 
the  soil  organisms.  This  necessitates  periods  of  treatments 
far  beyond  those:  required  for  the  actual  destruction  of  the 
organisms. 

Johnson  (10)  reasoned  that  the  efficient  steaming  of 
a  so 11  would  depend  upon  the  rate  of  direct  penetration  of  the 
steam  into  the  soil,  and  the  subsequent  conduction  of  tho 
necessary  heat  to  every  particle  of  soil  and  living  matter  under 


. 


. 

' 


■ 


treatment.  xhe  period  of  application  required  v/ould  therefore 
be  determined  by  the  volume,  the  physical  condition,  and  the 
moisture  content  of  the  soil  sample.  He  also  stressed  the 
importance  of  the  removal  of  air  from  the  containing  vessel 
and  from  the  soil  itself,  as  it  would  reduce  the  rate  of  steam 
penetration  und  the  effective  temperature, 

Johnson  (11)  and  Senner  (28)  regarded  a  high  moisture 
content  of  the  soil  as  detrimental  to  efficient  sterilization. 
They  called  attention  to  the  fact  that  five  times  as  much 
steam  is  required  to  raise  the  temperature  of  a  pound  of  water 
a  given  number  of  degrees  as  is  required  for  the  same  weight 
of  soil.  In  addition,  they  pointed  out  that  steam  cannot 
penetrate  readily  through  vet  soil,  and  the  distribution  of 
heat  becomes  dependent  upon  conduction,  with  resulting  lowered 
efficiency,  Johnson  suggested  that  the  ideal  soil  sterilizer 
should  permit  loose  3oil  to  pass  through  socam  instead  of  steam 
being  forced  into  the  soil,  thus  aiding  unifonn  penetration  by 
the  steam  and  reducing  the  necessary  time  of  exposure, 

Baver  (2)  reviewed  the  work  of  a  number  of  invest¬ 
igators  regarding  fuctors  affecting  heat  conductance  In  soils. 
Porosity  of  the  soils  was  observou  to  have  an  inverse  effect 
on  the  rate  of  conduction.  An  increase  in  pore  space  decreased 
the  number  of  contacts  between  the  soil  particles  and  increased 
the  air  content  with  a  resultant  lowering  of  conductivity.  It 
was  observed  that  the  heat  conductivity  of  the  different  soils 
followed  the  order  of  sand,  loam,  clay,  and  peat,  and  that  the 
thermal  conductivity  of  the  soil  constituents,  with  the 


. 

. 


possible  exception  of  organic  natter,  varied  little  from  one 

soil  to  another. 

The  presence  of  moisture  in  a  soil  was  found  by- 
Patten  (  l1?)  to  result  in  an  incre  sed  heat  conductivity. 
Patten  found  that  the  conductivity  increased  sharply  un  ^o  a 
certain  moisture  content,  and  then  gradually  reached  a  maximum 
at  saturation,  after  which  it  tended  to  approach  the  con¬ 
ductivity  of  wai.er,  The  joint  of  inflection  was  found  to  vary 


with  each  soil 


OUTLINE  OF  THE  INVESTIGATION 


Three  loam  soils  representing  the  Brown,  the  Black, 
and  the  Gray  hooded  soil  zones  of  Alberta  were  used  in  this 
study,  in  addition  to  a  peet  obtained  from  west  of  Edmonton. 
Samples  of  50  gra. ,  100  gn. ,  400  gm. ,  and  1000  gm.  of  soil  on 
a  water- free  basis  were  respectively  treated  in  250  ml.,  bOO  ml., 
1000  ml.,  and  2000  ml.  Erlenme/ers.  ihe  peat  was  also  weighed 
on  a  water- free  basis  and  50  ,  100  gm.  ,  and  250  gm.  samples 

were  treated  in  500  ml.,  1000  ml.,  and  2000  nl.  rlenmeyers. 

The  treatments  consisted  of  autoclaving  the  samples 
daily  at  12  or  15  pounds  pressure.  These  consecutive  daily 
treatments  were  given  to  a  maximum  of  four  days  in  the  majority 
of  the  trials.  Three  different  moisture  levels  were  used; 
namely,  air  dry,  50  >er  cent  and  100  per  cent  of  the  total  water 
holding  capacity,  nil  samples  except  those  treated  in  an  air 
dry  condition  were  weighed  and  brought  to  optimum  riol  sture 
(  50  per  cent  of  water  holding  capacity)  seven  days  prior  to 
sterilization  and'  incubated  at  room  temperature.  Such  a  pro¬ 
cedure,  it  was  reasoned,  would  bring  the  soil  microflora  to  an 
activ  itatl  and  promote  .iuuij.i  j  •'  Ain  spores  and  cysts. 

The  samples  './ere  chooked  as  to  their  water  c  ,ntent  immediately 
before  autoclaving,  and  those  to  be  steamed  at  100  per  cent  of 
water  holding  capacity  were  brought  to  this  condition. 

Using  aseptic  technique,  the  air  dry  samples  were 
moistened  with  sterile  water  when  sterilization  treat?  were 

completed.  All  samples  were  then  inoubated  for  twelve  days  at 


room  temperature  before  plating.  The  objection  to  plating 
immediately  after  steam  treatment  was  that  where  only  a  few 
organisms  survived,  their  detection  in  a  large  sample  would  be 
difficult.  In  addition,  where  sterilization  had  been  very 
nearly  achieved,  the  number  of  colonies  developing  on  the 
plates  would  probably  otherwise  not  have  been  much  different 
.from  the  number  of  colonies  that  could  have  been  accredited  to 
contamination  from  outside  sources.  In  order  to  reduce  the 
possibility  of  external  contamination,  transfers  were  nade 
directly  to  plates  from  the  flasks  of  soil  to  which  sterile 
water  hod  been  added  aseptioally.  All  plates  wore  incubated 
at  27°  -  28°C  for  five  days. 

’lotlng  was  carried  out  in  ’etri  dishes  for  all 
preliminary  trials  and  confirming  checks.  To  verify  the 
sterility  of  the  soil  with  respect  to  anaerobic  organisms  the 
Hpray  anaerobic  culture  plate  technique  (29)  was  used  in  those 
treatments  found  to  give  sterility  by  the  Tetri  plate  method. 
Trod  and  Mfaknman’s  (6)  sodiin  oasienate  agar  and  beef-extract , 
peptone,  glucose  agar  were  used.  All  tests  were  mode  with 
duplicate  flasks  and  verified  throe  times,  except  in  doubtful 
oases,  where  additional  runs  were  made. 

Of  the  chemical  changes  induced  in  the  soil  by  the 
application  of  heat,  that  of  base-exchangeable  ammonia  appeared 
to  be  the  most  affected.  The  change  in  ammonia  content  was 
thus  used  as  an  index  of  the  degree  of  chemical  change  in  the 
soil  in  order  to  select  more  accurately  the  sterilization 
treatments  causing  the  least  chemical  change. 


MATERIALS  A1VD  METHODS 


Three  loam  soils  representing  the  major  color  zones 
of  the  province  of  Alberta  were  selected  for  this  investigation. 
The  soils  were  collected  during  the  summer  of  19<±4  and  re¬ 
plenished  from  the  same  locality  during  the  summer  of  19<*5. 

From  Vauxhall,  in  the  brown  soil  zone,  a  virgin  loam  was  obtained, 
A  loam  from  the  black  soil  zone  was  taken  from  a  cultivated 
field  south  of  Edmonton.  A  third  loam  was  obtained  in  the  gray 
wooded  soil  zone  fro  vir  ;i  soil  near  the  Breton  Hlots,  Dur¬ 
ing  the  summer  of  1945,  a  large  sample  of  dark  brown  pe it  was 
obtained  east  of  Winterburn. 

After  collection,  the  samples  were  air  dried,  and 
any  large  lumps  broken  by  hand.  H^traneous  materials  were 
removed  from  the  soils  by  putting  them  through  on  eight  mesh 
sieve.  The  peat,  however,  being  somewhat  coarse  was  not  sioved, 
but  was  su  jcctcd  tj  a  oderate  grinding  In  an  iron  soli  rrin  er. 
The  resultant  samples  were  stored  in  large  alvaaized  cans  from 
which  they  were  taken  as  required. 

In  order  to  correctly  classify  the  soils  as  to  tex¬ 
ture,  a  mechanl  nl  analysis  was  conducted  by  the  hydrometer 
method  as  outlined  by  Bouyouoos  (*)  find  the  results  are 
described  in  Figure  1.  It  will  be  noted  that  the  Edmonton 
bl  ok  soil,  a  silty  clay  loam  is  the  heaviest  of  the  three  soils. 
The  Vauxhall  brown  silt  loam,  although  quite  similar  in 
texture  to  the  Breton  gray  soil,  contains  less  sand  and  more 


slit 


* 


Diameter  in  tnm 


Fi(5uro  1.  Meohanioal  Analysis  of  S&nonton  Black, 

Vauxhall  Brown,  and  Breton  Gray-Wooded  Soils 


In  Table  I  the  ohernl  al  con  >ositio  i  of  the  three 

% 

loom  soils  and  the  pe  t  are  compared  (water- free  basis).  The 
soils  are  listed  in  order  of  increasing  organic  matter  and 
this  order  is  maintained  throughout  this  report.  The  organic 
carbon  war,  determined  by  the  diohromate  wet  combustion  method 
as  outlined  by  Allison  (1).  Nitrogen  was  determined  by  the 
KJeldhnl  method.  Phosphorus  was  precipitated  as  (NH^ ) 

12! -oO#  and  determined  volumetrioally  with  standard  NaOH  and 
HNO3.  Calcium  was  preoipitated  as  CaCo04  and  titrated  with 
standard  KMn04«  Magnesium  was  preoioitated  as  MgNH^PO,  and 
determined  volunetrically  with  standard  HgSO^  and  NaOH.  The 
pH  values  were  determined  by  the  quinhydrone  electrode  method. 

Table  I 


Chemical  Composition  of  Soils 
(per  cent,  water-free  basis) 


Soil 

Organic 

Carbon 

Organic 

Matter* 

N 

P 

Ca 

Mg 

PH 

Breton 

gray  loam 

1.7 

2.8 

•  16 

.05 

.86 

•  40 

6.2 

Vauxhall 
brown  silt 
loam 

2.0 

2.5 

•  20 

.07 

.94 

.52 

7.0 

fSdmonton 
black  silty 
clay  loam 

2.5 

6.2 

.50 

.12 

1.00 

.58 

7.2 

Winterburn 

pent 

52.7 

92.6 

2.42 

•  02 

2.02 

.48 

6.6 

*  Organic  Carbon  x  factor  1.724 


Brarahall  Jenne  autocl  ve  v;as  used  for  treating 
the  samples,  and  operated  according  to  techniques  described  by 
Underwood  (U).  The  rlenmeyers  containing  the  saraples  to  be 
steamed  were  placed  in  the  autocl  ve  on  their  sides  to  permit 
a  more  efficient  removal  of  air  from  the  flask  and  the  soil. 

The  autoclave  had  two  disadvantages  in  that  it  was 
equipped  v/ith  a  pressure  gauge  that  took  the  pressure  from 
the  surrounding  steam  Jacket  and  not  from  the  sterilizing  chambe 
and  in  that  it  was  not  equipped  with  a  shut-off  valve  to  control 
the  admittance  of  steam  into  the  sterilizing  chamber.  The 
position  of  the  pressure  gauge  may  have  resulted  in  a  snail 
error  in  so  far  as  the  pressure  in  the  autoclave  Jacket  and  the 
pressure  in  the  sterilizing  chamber  might  not  have  been  equal. 

It  is,  however,  doubtful  if  this  difference  in  pressure  would 
be  maintained  for  any  length  of  tine. 

The  absence  of  a  shut-off  valve  between  the  Jacket 
and  the  chamber  prevented  accurate  control  of  the  oeriod  of 
time  the  soils  were  actually  subjected  to  steaming.  Although 
the  precaution  was  taken  to  see  that  the  v/ater  in  the  boiler 
was  steaming  before  the  soils  were  placed  in  the  sterilizing 
chamber,  a  considerable  warning-up  period  was  still  necessary 
to  raise  the  pressure  and  temperature  to  that  required.  This 
warning-up  period  varied  from  **  to  6  minutes  for  achieving 
12  sounds  pressure,  and  from  7  to  10  minutes  for  achieving 
lb  pounds  pressure.  1-he  period  of  tine  that  the  soils  were 


. 


subjected  to  eteoninc  vqb  tc  ken  from  the  mor  ent  the  required 
pressure  was  reaches.  Care  was  taken  to  i  ecp  the  pressure- 

constant, 

A  mercury  themo  eter  was  attaohed  to  the  discharge 
line  to  record  the  terperature  of  the  coolest  part  of  the 
autoclave,  It  was  observed  or  all  occasions  that  the  temper¬ 
ature  in  the  discharge  line  at  the  moment  the  desired  pressure 
was  reaohof  lagged  behind  the  theoretical  temperature  by  6°  to 
7°C,  This  lag,  hovrev  r,  soon  uecreased  to  within  4°,  where  it 
renained  constant.  It  was  observed  that  an  Increase  in  the  size 
of  load  placed  in  the  autoclave  increased  the  time  required  to 
obtein  the  minimum  lag,  and  also  increased  the  length  of  the 
warming-up  period,  Th  >  nine  of  load  was  therefore  kept  as 
snail  as  possible. 

3ooeuse  of  the  fact  that  no  single  plating  medium  is 
known  that  will  ennbl  all  of  the  Lifferont  soil  bacteria  to 
grow,  two  different  media  were  used  for  this  invest i  at ion, 

Fred  and  '’nksnan'n  (6)  sodium  oasoinate  agar,  and  becf-extrnct , 
peptone,  glucooo  agar  woo  used.  Both  agors  were  used  for 
plating  the  -inmolon  in  the  aerobic  'Ctrl  and  •  naerobio  Spray 
culture  di'hes,  fhe  platen  wore  counted  after  a  five  day 
incubation  period  at  27°  -  28°0. 

Ammonia  wan  determined  by  the  McLean  and  Robinson 
(17)  method.  Fifty  grams  of  noil  on  a  water- free  basis  were 
lonohed  with  500  nlllilitro3  of  normal  sodium  chloride  solution, 
and  the  result  1  tg  extract  distilled  with  magnesium  oxide. 

The  am  onla  wan  oolleoted  in  standard  aold  and  the  excess 


titrated  with  a  standard  susc,  using  methyl  red  and  methylene 

t 

blue •  Distilla  tion  was  earrieu.  on  until  approximately  250 
millilitres  of  distillate  were  collected.  The  50  gran  samples 
were  analysed  immediately  on  cooling  after  the  same  treatment. 

The  hundred  gruu  samples  when  cool  were  brought  to  a  desired 
moisture  content  end  amounts  equal  to  5u  grans  ca.  a  v/ater-free 
basis  were  weighed  and  analysod.  In  the  case  of  tlie  psat, 

750  millilitres  of  nomal  sodium  chloride  were  used.  . 

Nitrate  de terminations  v/cre  carried  out  eoiori- 
metrioally  by  the  phc^ol-dis  ljnonic  method  a  no ’.ificd  by 
harper  (0).  One-to-fivc  water  extractions  tv.  re  used. 

The  ammonia  nnd  nitrate  determinations  v/ero  made  on 
quadruplicate  samples.  The  samples  were  incubated  four  rtays 
before  being  sterilized.  Duplicate  controls  wore  run  and 
subjected  to  the  s  mo  treatment  us  the  steamed  3oils  except 
that  of  steaming. 
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KKSULTS 


Requirements  for  the  Steam  sterilization  of  Soils 

The  number  of  consecutive  daily  treatments  and  the 
length  of  the  treatments  required  to  sterilize  the  three  soils 
and  the  peat  at  three  different  moisture  contents  are  given  in 
Tables  TI  to  A.  Loch  table  contains  the  data  of  one  size  of 
sample  sterilized  at  one  stated  pressure  except  in  the  care  of 
tho  250  gram  sample  of  peat,  micro  the  requirements  for  obtain¬ 
ing  sterility  at  tho  two  pressures  are  given  in  the  one  table, 

A  greohlonl  illustration  of  the  relationsuip  between 
the  different  soils  and  the  peat,  the  size  of  sample,  the 
moisture  content,  and  the  time  required  to  sterilize  at  12 
pounds  pressure  is  made  in  .’igure  2.  Igure  5  illustrates  the 
relationships  of  the  same  factors  at  15  pounds  pressure.  Both 
graphs  were  drawn  to  the  sane  scale  to  facilitate  a  comparison 
of  the  results  obtained  with  12  )  Minds  and  15  pounds  pressure. 


Table  II 


Number  of  Consecutive  Dally  Treatments  Required  to 
Sterilise  Soil  at  Different  Moisture  Contents 

(50  gm.  of  Soil  at  12  lb.  Pressure  (118°C.)) 


Soil 

Moisture , 

%  Water 
Capacity 

Length  of  Treatment  in 

Minutes 

16 

20 

30 

45 

60 

75 

90 

105 

120 

150 

180 

Oray 

Ifo 

3 

2 

1 

1 

loam 

60 

N 

3 

2 

1 

1 

- 

- 

• 

- 

• 

100 

IT 

3 

2 

1 

1 

- 

- 

- 

- 

- 

- 

Brown 

300 

If 

3 

2 

1 

1 

silt 

50 

V 

3 

2 

1 

1 

• 

- 

. 

- 

- 

- 

loam 

100 

If 

3 

2 

1 

1 

- 

- 

- 

- 

- 

- 

Blaok 

If 

3 

2 

1 

1 

* 

silty 

60 

H 

3 

2 

1 

1 

- 

• 

- 

• 

- 

- 

clay 

100 

If 

3 

2 

1 

1 

• 

- 

- 

- 

• 

- 

loam 

Peat 

&<»<> 

N 

N 

N 

N 

3 

2 

2 

1 

60 

• 

• 

m 

If 

3 

3 

2 

2 

2 

1 

1 

100 

“ 

• 

If 

3 

3 

2 

2 

2 

1 

1 

*  N  -  insufficient  to  sterilise. 
**  Air  dry. 


. 


Table  III 


Number  of  Consecutive  Dally  Treatments  Required  to 
Sterilise  Soli  at  Different  Moisture  Contonta 
(50  gm.  of  Soil  at  15  lb.  Pressure  (l2l°C.)) 


Moisture  # 

%  Water 
Capacity 

Length  of  Treatment 

in 

Minutes 

Soil 

10 

15 

20 

30 

45 

60 

75 

90 

105 

120 

Gray 

5 

1 

1 

1 

loam 

50 

1 

1 

1 

1 

- 

. 

- 

• 

- 

• 

100 

1 

1 

1 

1 

- 

- 

- 

- 

- 

- 

Brown 

3** 

N* 

2 

1 

1 

«» 

silt 

50 

N 

2 

1 

1 

- 

- 

- 

• 

• 

• 

loan 

100 

N 

2 

1 

1 

- 

- 

- 

- 

- 

- 

Black 

N 

2 

1 

1 

silty 

50 

W 

2 

1 

1 

- 

- 

- 

- 

- 

- 

olay 

loan 

100 

N 

2 

1 

1 

• 

• 

• 

* 

"* 

Peat 

• 

• 

N 

N 

3 

2 

2 

2 

2 

1 

50 

• 

'  - 

N 

3 

2 

2 

1 

1 

1 

1 

100 

m 

• 

N 

3 

2 

1 

1 

1 

1 

1 

e  N  -  insufficient  to  sterilise. 


<h*  Air  dry 


Table  IV 


Number  of  Consecutive  Dally  Treatments  Required  to 
Sterilise  Soil  at  Different  Moisture  Contents 


(100  gra.  of 

Soil 

at 

12 

lb 

•  Pressure 

(118°C. 

)) 

Moisture, 

%  Water 
Capacity 

Length  of  Treatment 

in 

Minutes 

Soil 

20 

30 

45 

60 

75 

90 

105 

120 

135 

150 

l :  j 

180 

240 

Cray 

4*a 

lf» 

3 

2 

1 

1 

loam 

80 

N 

3 

2 

1 

1 

100 

N 

2 

1 

1 

1 

Brown 

3** 

N 

N 

3 

2 

1 

silt 

50 

N 

N 

3 

2 

1 

loam 

100 

N 

N 

3 

2 

1 

Black 

N 

N 

4 

3 

2 

1 

• 

_ 

silty 

80 

N 

N 

4 

3 

2 

1 

clay 

loam 

100 

N 

N 

4 

3 

2 

1 

' 

Peat 

a. 

N 

N 

N 

N 

3 

3 

2 

2 

2 

2 

1 

50 

- 

- 

If 

N 

3 

2 

2 

2 

2 

1 

1 

1 

1 

100 

** 

N 

3 

2 

2 

2 

2 

2 

1 

1 

1 

1 

»  N  -  insufficient  to  sterilise. 


a*  Air  dry 


. 


. 


. 


Table  V, 


Number  of  Conseoutive  Daily  Treatments  Required  to 
Sterilise  Soil  at  Different  Moisture  Contents 
(100  gnu  of  Soil  at  15  lb*  Pressure  (1£1°C.)) 


Soil 

Moisture, 

%  Water 
Capacity 

Length  of  Treatment 

in 

Minutes. 

10 

15 

:-o 

30 

45 

no 

75 

90 

105 

120 

Oray 

4** 

3 

2 

2 

1 

1 

loam 

50 

1 

1 

1 

1 

1 

- 

- 

- 

- 

• 

100 

1 

1 

1 

1 

1 

- 

- 

- 

- 

- 

Brown 

m 

3 

2 

2 

1 

• 

• 

silt 

60 

N 

3 

2 

1 

1 

- 

- 

- 

- 

- 

loan 

100 

N 

3 

2 

1 

1 

- 

- 

- 

- 

- 

Black 

N 

N 

3 

2 

1 

mm 

mm 

silty 

50 

N 

N 

3 

2 

1 

- 

- 

- 

- 

- 

day 

100 

N 

N 

3 

2 

1 

- 

- 

- 

- 

- 

loam 

Peat 

m 

N 

N 

N 

N 

n 

m 

o 

a# 

2 

1 

1 

50 

- 

N 

3 

2 

1 

1 

1 

1 

1 

1 

100 

“ 

N 

3 

2 

1 

1 

1 

1 

1 

1 

*  N  -  insufficient  to  sterilise 
Air  dry* 


. 


Table  VI. 


Number  of  Consooutlve  Pally  Treatmonte  Required  to 
Sterilise  Soils  at  Different  Moisture  Contents 
(250  gn.  of  Peat) 


Autoclave 

Pressure 

Moisture, 

p  Water 
Capacity 

Length 

of 

Trea 

tment  In 

Minutes 

45 

60 

90 

120 

150 

180 

210  240 

270 

300 

12  lb. 

m 

N* 

N 

N 

3 

2 

2 

1 

(na°c.) 

50 

- 

- 

- 

N 

5 

2 

2 

1 

1 

1 

100 

- 

- 

- 

N 

3 

2 

2 

1 

1 

1 

15  lb. 

6*h» 

N 

N 

N 

4 

2 

2 

1 

(121°C • ) 

50 

N 

4 

2 

2 

1 

1 

1 

• 

- 

- 

100 

N 

4 

2 

1 

1 

1 

1 

• 

• 

«  N  -  lnauff lol enfc  to  sterilise. 


**  Air  dry. 


Table  VII. 


Number  of  Consecutive  Daily  Treatments  Required  to 
Sterilise  Soil  at  Different  Moisture  Contents 
(400  gm.  of  Soil  at  12  lb.  Pressure  (118°C.)) 


Moisture, 

H  tfater 

Length 

of  Treatment 

in 

Minutes 

Soil 

Capacity 

50 

45 

60 

75 

90 

120 

150 

Gray 

4»tf 

N* 

4 

5 

2 

2 

1 

loam 

50 

N 

4 

3 

1 

1 

1 

- 

100 

N 

4 

3 

1 

1 

1 

- 

Brown 

3*<» 

N 

N 

4 

3 

2 

1 

silt 

50 

N 

N 

3 

2 

1 

1 

- 

loam 

100 

N 

N 

3 

2 

1 

1 

- 

Blaok 

N 

N 

N 

3 

2 

2 

1 

silty 

50 

N 

N 

4 

3 

2 

1 

1 

clay 

loam 

100 

N 

N 

4 

3 

2 

1 

1 

»  N  -  insufficient  to  sterilize. 
Air  dry. 


* 

Table  VIII. 

Number  of  C  ^naecutive  Dally  Treafc-ients  Required  to 
Sterilise  Soil  at  Different  Moisture  Contents 
(400  jul*  of  Soil  at  16  lb.  Pressure  (12l°C.)) 


"TfoTaTHFe; - 

%  Water 
Capacity 

Length  of  Troatnent 

in  Minutes 

Soil 

20 

30 

45 

GO 

75 

90 

120 

Gray 

4»* 

N* 

3 

2 

1 

.. 

a. 

loam 

50 

N 

1 

1 

1 

- 

- 

- 

100 

N 

1 

1 

1 

- 

“ 

Brown 

3*-* 

W 

N 

3 

2 

1 

• 

• 

silt 

50 

N 

If 

2 

1 

1 

- 

- 

loam 

100 

N 

N 

2 

1 

1 

- 

- 

Blaok 

9  ** 

N 

N 

N 

N 

3 

2 

1 

silty 

50 

N 

N 

N 

4 

3 

1 

1 

clay 

loam 

100 

N 

N 

N 

4 

3 

1 

1 

»  N  -  Insufficient  to  sterilise. 
**»  Air  dry. 


• 

Table  IX. 


Number  of  Dally  Consecutive  Treatments  Required  to 
Sterilise  Soil  at  Different  Moisture  Contents 


(1000  gm.  of 

Soil  at 

12 

lb. 

Pressure 

(118°C 

.)) 

Moisture, 

%  Water 
Capacity 

Length 

of 

Treatment  In 

Minutes 

Soil 

45 

60 

90 

120 

150 

180 

210 

240 

270 

Oray 

4»« 

W> 

N 

N 

3 

2 

2 

1 

1 

loam 

50 

N 

4 

3 

2 

2 

1 

1 

1 

- 

100 

N 

4 

2 

2 

1 

1 

1 

1 

- 

Brown 

N 

N 

N 

3 

2 

2 

2 

1 

allt 

50 

N 

N 

4 

2 

2 

2 

1 

1 

- 

loam 

100 

N 

N 

4 

2 

2 

2 

1 

1 

- 

Bl  aok 

N 

N 

N 

4 

3 

3 

2 

2 

1 

silty 

50 

N 

N 

4 

2 

2 

2 

2 

1 

1 

clay 

loam 

100 

N 

N 

4 

2 

2 

2 

2 

1 

1 

*  N  -  insufficient  to  sterilise. 
*#  Air  dry. 
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Tablo  X. 


Huwb«r  of  Conaaoutive  Daily  Traatnanta  Raquirad  to 
fttarlliM  r,o'  1  at  IHffnrant  Moisture  Contents 
(1000  gn.  of  Joil  at  15  lb.  Proas  ire  (12l°C.)) 


ioil 

'Moisture, 

%  Wntor 
Capacity 

Loncth  of 

Troatnont 

In  Mlnutos 

45 

60 

00 

120 

150 

100 

210 

240 

Gray 

4  -K> 

N» 

5 

2 

2 

1 

loam 

50 

a 

1 

1 

1 

1 

mm 

«• 

- 

100 

N 

1 

1 

1 

1 

- 

- 

- 

Ur  own 

N 

a 

a 

3 

2 

1 

«» 

•lit 

50 

a 

3 

l 

1 

1 

1 

• 

- 

loam 

100 

a 

3 

l 

1 

1 

1 

- 

- 

31aok 

9»* 

a 

a 

a 

a 

4 

3 

2 

1 

•llty 

50 

a 

3 

2 

l 

1 

1 

1 

1 

olay 

100 

a 

3 

1 

l 

1 

1 

1 

1 

loan 

#  H  -  lnauffloiont  to  storlliao* 
Air  dry. 
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Figure  2.  The  Effect  of  Size  of  Sample,  Kind  of  Soil,  and 
Moisture  Content  on  the  Time  Required  to  Steam 
Sterilize  at  12  lb.  Pressure. 
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Time  m  Minutes 


Figure 


Time  Required  to  Sham  Sterilize  Soils  at  /5/b.  Pressure 


21 0. 

240. 

2 10. 

/SO. 

/so. 

/<?oj 

90. 

so 1 

30. 


L  Vyvnd 

l—  . .  -i  !00Z  ~ 

$0  /  water  Capacity 

BBBBl  Ajr  Dry 
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3*  The  Kffeot  of  SI 7.©  of  Sample,  Kind  of  Soil,  and 
Moisture  Content  on  the  Time  Requlrod  to  Steam 
Sterilize  at  15  lb.  Pressure. 


Changes  in  the  3a se-Bx changeable  Ammonia 

and  ater  Soluble  titrate  Content  of  Soils 
Induced  by  Steaming  Under  Pressure 

The  average  ammonia  content  of  the  three  soils  and 
the  peat  in  non-sterilized  and  in  sterilized  s^onples  are  given 
in  Tables  XI  and  XII.  The  figures  represent  the  average 
amounts  of  ammonia  found  in  samples  subjected  to  the  minimum 
treatments  required  to  achieve  sterility.  The  amounts  of 
ammonia  in  the  non-sterilized  samples  were  determined  on  dup¬ 
licate  controls  which  received  the  same  treatment  as  the  ster¬ 
ilized  samples  exceot  that  of  autoclaving. 

In  Tables  XIII  to  XVI  inclusive,  are  given  the 
average  increases  in  ammonia  resulting  from  subjecting  quad¬ 
ruplicate  samples  of  50  and  100  grams  to  the  predetermined 
minimum  sterilization  treatments. 

To  facilitate  a  comparison  of  the  effect  of  the 
moisture  content  and  the  number  of  consecutive  daily  treatments 
on  the  production  of  ammonia  on  sterilizing,  the  increases 
found  for  the  three  soils  were  averaged  for  each  moisture 
content  and  each  number  of  consecutive  treatments.  The  re¬ 
sulting  figures  are  given  in  Table  XVII. 

A  number  of  determinations  were  mode  to  determine  the 
changes  in  the  water  soluble  nitrate  content  of  the  50  gram 
samples  of  soil  subjected  to  steam  sterilization.  The  amounts 
of  nitrate  found  in  the  non-sterilized  controls  and  in  the 
sterilized  samples  are  reported  in  Table  XVIII. 


, 
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Table  XI. 

Base- Exchangeable  Ammonia  in  Boils  Sterilized 
at  12  lb.  Pressure  and  in  Non-Steri lized  Controls 


Ammonia  (NH3)  -  p.p.m,  of  Soil 


Wt,  of 
Sample 
In  an. 

Moisture, 
%  water 
capacity 

Gray 

loam 

Brown 
silt  loam 

Black  silty 
clay  loam 

Peat 

Con¬ 

trol 

Steri¬ 

lized 

Con¬ 

trol 

Steri- 

11  zed 

Con¬ 

trol 

Steri- 

11  zed 

Con¬ 

trol 

Steri¬ 

lized 

50 

Air  Dry 

21.9 

25,1 

18.8 

26.4 

12.0 

19.6 

91.2 

151.6 

50 

33.1 

3G.1 

16.8 

29.3 

4.3 

13.1 

97.3 

202.2 

100 

32,8 

36.8 

16.4 

29.9 

4.1 

20.0 

109.4 

204.4 

100 

Air  Dry 

22,0 

23.1 

10.7 

11.8 

9.8 

22.5 

50 

22.3 

27.4 

8.6 

15.1 

7.6 

27.6 

- 

- 

100 

23.1 

28.6 

9.1 

15.0 

9.2 

20.1 

- 

- 

Table  XII. 

Base-Exchangeable  Ammonia  in  Soils  Sterilised 
at  15  lb.  Pressure  and  in  Non-Sterlllzed  Controls 


Wt,  of 
Sample 

In.  m? 

50 


Ammonia  (NH3) 

-  p. 

p.m.  of  Soil 

Moisture, 

Or  ay 

loam 

Brown 

silt  loam 

Black 

clay 

silty 

loam 

Peat 

%  water 

Con- 

Sterl-  Con- 

Steri- 

Con- 

Steri- 

Con- 

Steri- 

capacity 

trol 

limed 

trol 

llzed 

trol 

llzed 

trol 

llzed 

Air  Dry 

6.0 

7.1 

6.0 

6.8 

5.2 

8.0 

90.5 

108.1 

50 

5.9 

9.5 

3.5 

6.9 

5.9 

11.1 

96.0 

154.7 

100 

5.0 

10.2 

3.2 

7.4 

5.5 

11.2 

106.0 

131.2 

Air  Dry 

13.2 

15.1 

5.3 

10.1 

6.2 

13.5 

50 

9.5 

13.9 

7.1 

12.4 

6.4 

19.3 

- 

- 

100 

9.6 

16.6 

7.1 

13.5 

5.4 

19.6 

- 

- 

100 
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Table  XIII. 


Increases  in  Soil  Amnonia  Produced  by  Steam  Sterilisation 
(50  gm.  of  Soil  at  12  lb.  Pressure  (118°C.)) 


No.  of 

consecu¬ 

tive 

dally 

treatments 

Length 

of  treat¬ 
ment 

In 

minutes 

Moisture, 
%  water 
capacity 

Ansnoni 

aO«i3) 

3 

o 

• 

1 

p.p.m.  Soil 

Gray 

loam 

Brown 

silt 

loam 

Black 

silty 

clay 

loam 

Peat 

3 

20 

Air  Dry 

2.5 

6.8 

8.7 

3 

20 

50 

2.3 

12.3 

16.4 

- 

3 

20 

100 

3.2 

13.1 

21.5 

- 

2 

30 

Air  Dry 

2.9 

7.4 

7.5 

2 

30 

50 

2.2 

12.6 

14.9 

- 

2 

30 

100 

3.3 

13.2 

13.3 

- 

1 

45 

Air  Dry 

1.1 

7.4 

7.3 

_ 

1 

45 

50 

5.0 

12.8 

11.8 

- 

1 

45 

100 

4.8 

11.8 

13.0 

- 

1 

60 

Air  Dry 

6.2 

9.5 

7.6 

• 

1 

60 

50 

5.6 

13.5 

12.4 

- 

1 

60 

100 

8.1 

14.2 

15.9 

- 

3 

105 

Air  Dry 

• 

• 

_ 

73.3 

3 

60 

50 

- 

- 

- 

160.2 

3 

60 

100 

- 

- 

- 

137.9 

2 

150 

Air  Dry 

mm 

mm 

mm 

49.2 

2 

90 

50 

- 

- 

- 

115.4 

2 

90 

100 

- 

- 

- 

81.0 

1 

180 

Air  Dry 

• 

• 

— 

40.9 

1 

150 

50 

- 

- 

- 

43.0 

1 

150 

100 

- 

- 

- 

34.9 

. 


• 

• 

« 

• 

.  I .  .. 

• 

• 

*  • 

'fable  XIV 


U7. 


Increases  in  Soli  Annunltt  Produced  by  .;toun  Sterilisation 
(50  gn.  of  Soli  at  15  lb.  Pressure  ( lii  1°C . ) ) 


NO.  Of 

consecu¬ 

tive 

dally 

treatments 

length 

of  treat¬ 
ment 
in 

oi nutes 

Moisture , 
%  water 
oapaolty 

Inor.  - 

p.p.n.  Soil 

Oray 

loan 

Brown 

silt 

loan 

JiHOK 

silty 

olay 

loan 

Peat 

3 

10 

Air  Dry 

18.6 

.. 

m 

mm 

1 

10 

50 

4.4 

- 

- 

- 

1 

10 

100 

4.8 

- 

8 

15 

Air  Dry 

2.9 

2.0 

0.4 

• 

8 

15 

50 

• 

1.7 

12.7 

- 

8 

15 

100 

- 

8.6 

18.9 

- 

1 

80 

Air  Dry 

1.7 

4.6 

4.6 

mm 

1 

80 

50 

3.0 

4.7 

9.8 

- 

1 

80 

100 

0.3 

4.8 

9.9 

• 

3 

45 

Air  Dry 

- 

- 

- 

21.0 

8 

00 

Air  Dry 

• 

• 

• 

19.0 

8 

45 

50 

- 

- 

- 

42.0 

8 

45 

100 

- 

- 

- 

30.6 

1 

130 

Air  Dry 

• 

- 

- 

21.0 

1 

00 

50 

- 

- 

- 

106.0 

1 

00 

100 

- 

mm 

- 

96.1 
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Table  XV. 


Increase 3  In  Soli  Ammonia  Produced  by  Steam  Sterilization 
(100  gm.  of  Soil  at  12  lb.  Pressure  (118°C.)) 


No#  of  Length 

consecu-  of  treat-  Moisture, 

tive  dally  ment  in  %  water 

treatments  minutes  capacity 

Ammonia  ( NH3 ) 

Gray 

loam 

Incr. 

Brown 

silt 

loam 

-  p.p.m.Soll 

-  BTac’k"  " 

silty 

clay 

loam 

3 

30 

Air  Dry 

3.7 

3 

30 

50 

6.1 

— 

• 

2 

45 

Air  Dry 

6.3 

- 

. 

2 

45 

50 

9.4 

- 

- 

2 

30 

100 

6.5 

- 

— 

1 

60 

Air  Dry 

2.6 

- 

- 

1 

60 

50 

5.0 

- 

— 

1 

45 

100 

3.0 

- 

- 

3 

45 

Air  Dry 

— 

1.3 

- 

3 

45 

50 

- 

4.7 

- 

3 

45 

100 

- 

4.9 

• 

2 

60 

Air  Dry 

• 

1.3 

- 

2 

60 

50 

- 

8.8 

- 

2 

60 

100 

- 

9.1 

— 

1 

75 

Air  Dry 

« 

1.0 

- 

1 

75 

50 

- 

3.7 

— 

1 

76 

100 

• 

4.1 

3 

60 

Air  Dry 

- 

17.3 

3 

60 

50 

• 

- 

24.8 

3 

60 

100 

- 

— 

25.0 

2 

76 

Air  Dry 

m 

- 

10.3 

2 

76 

50 

- 

- 

20.1 

2 

75 

100 

- 

— 

19.8 

1 

90 

41  r  Dry 

- 

10.0 

1 

90 

50 

- 

- 

15 . 0 

1 

90 

100 

- 

- 

11.9 

- 

. 

% 

0 

0 

* 

- 

m 

0 
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Table  XVI. 


Increases  in  Soil  Amonla  Produced  by  Steam  Sterilization. 
(100  gm.  of  Soil  at  15  lb.  Pressure  (121°C.)) 


No.  of  Length 

consecu-  of  treat- 

tive  daily  ment  in 
treatments  minutes 

Moisture, 
%  water 
capacity 

Ammonia (NH*)  Incr.  - 

Brown 

Gray  silt 

loam  loam 

p.p.m.  Soil 

Black 

silty 

clay 

loam 

3 

10 

Air  Dry 

3.7 

1 

10 

50 

8.7 

1 

10 

100 

5.6 

- 

- 

2 

15 

Air  Dry 

1.0 

1 

15 

50 

4.1 

— 

1 

15 

100 

3.4 

- 

- 

3 

20 

Air  Dry 

5.8 

9.2 

3 

20 

50 

• 

— 

16.5 

3 

20 

100 

- 

• 

17.5 

2 

20 

50 

. 

5.9 

2 

20 

100 

- 

6.4 

- 

2 

30 

Air  Dry 

a. 

5.8 

6.0 

2 

30 

50 

_ 

8.6 

2 

30 

100 

- 

10.9 

1 

30 

Air  Dry 

2.2 

• 

1 

30 

50 

2.4 

4.1 

- 

1 

30 

100 

3.7 

5.7 

mm 

1 

45 

Air  Dry 

2.3 

6.2 

1 

45 

50 

- 

- 

14.0 

1 

45 

100 

14.8 

•4 


. 
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Table  XVII. 

Effect  of  Moisture  Content  and  Number  of  Consecutive  Treatments 
on  the  Ammonia  Produced  by  Steam  Sterilizati 


Moisture. 

#  water 
capacity 

No.  of 
consecu¬ 
tive  daily 
treatments 

Average  Ammonia 

p.p.m. 

(NHj)  Increases  - 
of  Soil 

12  lb.  Pressure 
(118°C.) 

15  lb.  Pressure 
(121°C.) 

Air  Dry 

1 

5.0 

3.7 

2 

5.9 

4.0 

3 

6.7 

7.8 

50 

1 

8.8 

7.3 

2 

11.3 

7.2 

3 

11.1 

16.5* 

100 

1 

8.1 

7.6 

2 

11.0 

8.2 

3 

13.8 

17. 5* 

*  Edmonton  black  only  (not  an  average  of  the  tliree  soils.) 


Table  XVIII. 

Water  Soluble  Nitrate  Nitrogen  In  50  gm.  of  Sterilized  and 

Non-Sterlllxed  Soils 


Nitrate  Nitrogen  -  p.p.m.  of  Soil 


Pres  sure 

Moisture. 

Gray  loam 

Brown 

silt  loam 

Black 

clay 

silty 

loam 

of 

%  water 

Con- 

Star I- 

Cm- 

Steri- 

don- 

Steri- 

Autoclave 

capacity 

trol 

Used 

trol 

llzed 

trol 

llzed 

12  lb. 

Air  Dry 

3.0 

3.1 

22.4 

23.1 

32.0 

34.4 

(118°C.) 

50 

3.0 

3.1 

20.0 

18.6 

42.4 

38.7 

100 

3.2 

2.7 

23.2 

18.9 

42.3 

38.6 

15  lb. 
(1ZL°V.) 

Air  Dry 

3.4 

3.6 

21.3 

20.6 

32.0 

31.8 

50 

3.7 

4.0 

22.3 

20.0 

32.8 

30.0 

100 

4.0 

3.2 

22.0 

18.2 

35.0 

34.3 

.  I 
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DISCUSSION 

The  difficulty  with  which  the  different  soils  used 
in  this  Investigation  were  sterilized  appears  to  be  correlated 
with  the  organic  ratter  content  an  the  texture.  The  gray  loam 
with  the  least  amount  of  organic  matter  and  the  coarsest  tex¬ 
ture  required  the  shortest  steam  troatnent.  The  bro  n  silt 
loam  ana  the  black  silty  clay  loom  with  larger  amounts  of 
organic  matter  and  finer  texture  required  longer  periods  of 
treatment.  The  pent,  lr.ost  entirely  composed  of  organic 
natter,  required  the  severest  steaming  for  the  attainment  of 
sterility. 

i 

The  snail  increase  in  pressure  of  three  pounds 
acoonpanled  with  a  simil  r  increase  in  temperature  resulted 
in  a  considerable  reduction  in  the  tlno  necessary  to  steam 
sterilize  the  soils. 

Incubating  tho  soils  In  n  moist  condition  prior  to 
autoclaving  deoroaned  the  tine  required  to  sterilize  tho 
larger  sa-  )les  by  comparison  with  the  time  required  for  the 
air  dry  s-mples.  Tho  shorter  tine  required  was  probably  due 
in  part  to  |]  Off  it  00  duotlon  of  the  moist  samples* 

The  reduction  was  most  evident  in  the  pent,  where  it  reduood 
the  time  required  by  as  much  as  ^0  to  90  minutes.  However, 
steaming  the  samples  at  100  per  cent  of  water  holding  capacity 
did  not  appear  to  improve  the  efficiency  much  over  steaming 
then  at  bO  per  cent,  as  in  the  majority  of  cases  both  moisture 
conditions  had  an  ideutioul  effect  on  tho  time  required  to 
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achieve  sterility. 

The  incubation  period  of  one  week  is  a  comparatively 
long  one  and  it  is  conceivable  that  a  shorter  period  may  be 
as  efficient.  It  is  not  known  what  effect  incubation  alone  has 
on  the  length  of  time  required  to  sterilize  the  samples.  Con¬ 
sequently  the  effect  of  moisture  nay  bo  attributed  in  part  to 
the  lower  heat  resistance  of  an  active  microflora  resulting 
from  incubating  the  samples  at  optimum  moisture.  However, 
the  observation  that  incubation  of  the  50  and  100  gran  moist 
samples  did  not  appear  to  reduce  the  time  required  os  compared 
with  the  air  dry  samples,  would  seem  to  indicate  that  in- 

i 

cubatlon  was  of  minor  importance  and  that  steam  penetration  or 
heat  conductance  was  of  greater  importance. 

This  leads  to  the  question  of  the  actual  mechanism 
by  which  the  heat  necessary  to  kill  the  soil  organisms  was 
transferred  through  the  soil.  If  the  mechanism  was  largely 
that  of  steam  penetration  and  subsequent  conduction  of  the 
heat  to  the  centre  of  each  soil  particle,  then  the  efficient 
removal  of  air  from  the  containing  vessel  and  the  soil  would 
be  of  great  importance,  and  the  moisture  content  of  the  soil 
of  minor  importance.  A  high  moisture  content  would  probably 
be  detrimental  to  the  process. 

An  attompt  was  made  to  determine  whether  steam 
penetration  and  subsequent  heat  conduction  or  heat  conduction 
alone  was  the  important  factor  in  steam  sterilization  of  soils. 
One  aeries  of  2000  millilitre  Krlenmeyers  containing  1000  grams 


of  air  dry  or  no  is  '  i.  ck  oil  was  laced  on  their  sides  in  the 
autoclave,  while  another  series  of  flasks  was  placed  upright 
in  the  autoclave.  The  flasks  were  treated  for  varying  lengths 
of  tine  differing  by  ten  minutes.  It  was  reasoned  that  the 
flasks  lyin0  on  their  lues  would  allov;  a  more  efficient 
removal  of  air  with  a  resultant  shorter  period  of  treatment 
necessary  to  obtain  sterility. 

i.'o  differences  were  obtained  with  the  moist  samples. 
The  air  dry  samples,  however,  ’rer*  t  ore  efficiently  sterilized 
in  the  flasks  lying  on  their  sides  than  in  those  placed  up¬ 
right  in  the  autoclave.  It  would  thus  appear  thut  steam 
penetration  lo  an  important  factor  in  sterilizing  air  dry 
soils,  but  that  conduction  is  of  greater  importance  in  steri¬ 
lizing  moirt  soils*  The  conductance  of  heat  through  a  moist 
soil  in  actual  practice  thus  appears  to  be  a  more  effective 
process  t)  n  i  -earn  penetration.  If  this  i.?  true,  it  sh  uld 
be  possible  to  obtain  the  same  results  as  found  in  this  in¬ 
vestigation  by  heating  the  moist  soils  in  a  dry  atmosphere  to 
the  same  temperature  as  that  obtained  in  the  autoclave. 

The  use  of  thermocouple:  ana  a  potentiometer  in 
measuring  the  temperature  of  the  soil  during  the  process  of 
sterilization  would  have  permitted  a  mo  e  accurate  comparison 
of  the  tests  and  an  immediate  analysis  of  the  results.  Their 
use  would  also  have  eliminated  much  of  the  empirical  work 
required  to  establish  the  general  limits  for  minimum  sterili¬ 
zation.  Unfortunately ,  the  construction  of  the  autoclave  would 
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not  allow  their  use  without  a  major  alteration. 

The  shorter  length  of  time  required,  to  sterilise 
moist  soil  may  be  explained  on  the  basis  of  a  more  heat 
susceptible  nicroflora  and  a  more  efficient  transfer  of  heat 
by  conduction  through  the  soil  with  the  conversion  of  the 
soil  moisture  into  steam  and  its  subsequent  destructive 
action  on  the  microflora.  ,.s  the  3oil  moisture  is  already 
well  distributed  throughout  the  soil  the  difficult  problem 
of  forcing  stoam  into  the  soil  13  eliminated.  In  addition, 
as  the  soil  partlclos  are  moist,  the  efficient  conduction  of 
the  heat  to  all  parts  of  the  soil  material  is  assured. 

Tome  support  to  this  may  bo  given  by  a  curious 
observation.  t  the  end  of  a  treatment,  water  was  observed 
to  be  floating  on  the  surface  of  the  larger  sanolec  steamed 
at  100  per  cent  of  water  holding  capacity.  The  water  dis¬ 
appeared  instantaneously  into  the  soil  when  the  flasks  were 
hit  with  a  draft  of  air  at  room  temperature.  This  phenom¬ 
enon  nay  be  explained  by  reasoning  that  the  moisture  held  in 
the  interstices  of  the  noil  wan  converted  to  3tenm  which  forced 
unconverted  moisture  out  of  the  soil  to  the  oooler  region  of 
the  stoan-air  mixture  above  the  sample.  A  3udden  condensation 
and  release  of  pressure  would  account  for  the  quick  dis¬ 
appearance  of  the  water  into  the  soil. 

The  different  sterilization  requirements  for  the 
throe  soils  can  be  more  easily  explained  on  the  basis  of 
conduction  than  of  3team  penetration.  Davor  (2)  reported 
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that  the  conductivity  of  the  different  soil  constituents  v/ere 
found  to  be,  in  decreasing  order,  sand,  silt,  clay,  and  organic 
matter*  Thus  on  the  basis  of  conduction,  one  would  expect  the 
gray  soil  to  require  the  least  treatment. 

The  degree  of  compaction  also  was  reported  by  Baver 
to  have  a  direct  effect  on  the  heat  conductivity  of  soils. 

The  gray  and  brown  soils  were  observed  to  settle  on  incubation 
to  a  siiiiil  r  degree  of  compaction.  The  black  soil  was 
characterized  by  a  more  porous  condition  ;  no  swelled  consider¬ 
ably  on  wetting.  This  swelling  was  also  characteristic  of 
the  peat.  Thus  the  natural  porosity  of  the  different  soils 
would  indicate  that  the  gray  loam  and  the  brown  silt  loam 
would  be  more  easily  sterilized,  on  the  assumption  that  heat 
conductivity  was  the  important  factor  in  steam  sterilization. 

The  different  requirements  of  the  three  soils  and 
the  peat  are  somewhat  more  difficult  to  explain  on  the  basis 
o  ‘  stean  nenotrati <n.  une  would  expect  steam  to  displace  the 
air  and  oerietratc  more  readily  through  a  loose  porous  soil  than 
m  o  j  paot  one.  Yot  the  air  dry  s  uiples  with  the  loose  crumb- 
like  structure  (exoeDt  t.ho  pest)  required  more  time  than  the 
amorphous  appearing  moist  soils.  This  orunb-like  structure 
was  moat  evident  in  the  black  soil  where  the  particles  were  of 
muoh  larger  size  than  in  tho  gray  or  brown  soils. 

In  all  oases,  a3  is  shown  in  Tables  XI  and  XII, 
steaming  under  pleasure  resulted  in  nn  Increase  in  the  ammonia 
content  of  the  three  soils  and  the  neat.  It  is  interesting 
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to  note  thnt  lnoubcttnc  the  unsterilized  soil a  in  &  moist 
condition  for  four  days  resulted  in  n  reduction  in  the  amount 
of  nrmonin  resent.  Tills  i  ay  be  ov/in  to  th  conversion  of 
the  a  non  In  to  nitrate  or  to  fixed  foms  of  nitrogen  by  the  soil 

organiser..  In  two  csr.e  the  rot  gray  loan  produoe'A  more 

OSBonia  on  lnoubatloxu  "lo  po  t  also  la  on 

Incubation.  I>  cr  y  l(i  a  soil  was  observed  to  iiavo  :in  .ctive 
fungus  flora,  n  this  may  aooount  for  the  production  of 
ammonia  (32).  Ho  extensive  growths  >  '  fu  igi  were  observed  in 
the  seat  nannies,  but  the  inorense  in  ammonia  on  incubation 
is  probably  owing  to  an  aotivc  nr  unifyi tii  flora. 

The  c  ively  large  nmount 8  of  ammonia  reported 

in  Trblo  XI  fin  cor  oar-  <3  with  these  in  Table  XTT  r  ly  be  gx.1i  ined 

by  the  faot  that  tho  nnnonia  deten  I  nations  th<  samples 

sterilized  nt  1  pounds  pressure  .*  nd  the  controls  were  m&de 
AttflBI  tho  «  i  l  ;■  ■  ....  the  di  rmlnatloj  on 

tl  o  s  *rlllzed  t  II  oai  e  an  h  iroll 

were  made  In  rebrunry,  19*6. 

In  Table;  XIII  to  XVI  inclusive,  the  fif ures  given 
represent  the  increi  sc'  in  n  . >  5 *  content  or.  fd  by  steaming 
the  coils  an*  the  tc  t  for  the  various  minimum  tre;  trionts  at 
If  and  If  pounds  pressure.  Generally  speaking,  a  higher 
noirturc  content  rcerr  to  n  s  It  i:  a  larger  amount  of  ammonia 
beinr  -ced  on  steamin  .  Then  re  oxoo  >tl  ,  o waver* 

the  most  notrble  being  observed  In  the  peat,  whore  samples 
tr  ate  *  t  100  per  cent  o  '  r/i  tor  '  ol<?  ing  cepactty  produoed 
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much  less  ammonia  than  those  treated  at  50  per  cent. 

It  is  interesting  to  note  that  regardless  of  the 
additional  time  required,  sterilizing  the  samples  in  an  air 
dry  condition  resulted  in  the  production  of  loss  ammonia  than 
sterilizing  the  sampler  in  a  moist  condition.  This  observ¬ 
ation  is  more  clearly  brought  out  in  Table  XVII,  where  the 
increases  for  the  three  soils  are  averaged.  It  would  appear 
from  these  Bteragls  thru  one  -.ininum  treatment  results  in  a 
smaller  increase  than  two  or  three  consecutive  treatments, 
despite  the  fact  that  the  consecutive  treatments  are  for 
shorter  periods.  Cone  support  for  this  assumption  may  be 
obtained  from  McCulloch  (16)  who  stated  that  short  single 
periods  of  exposure  to  steam  under  nrcssu-e  have  been  sho*.m 
to  cause  less  breaking  down  of  certain  complex  carbohydrates 
in  aqueous  solution  than  steaming  for  intermittent  periods 
sufficiently  long  to  insure  sterility. 

The  figures  in  Table  XVII  also  i-'dicate  that  less 
anraonia  Is  relee sod  by  sterilizl^.  at  the  higher  pressuie 
of  15  pound  3  for  a  shorter  purlo.  of  tine  than  at  the  lower 
oressure  of  12  pounds  for  a  longer  period.  Not  only  does 
this  i:  jijtar  true  for  th<  one  sterilization  treetment,  but 
also  appears  true  ror  the  two  ana.  three  consecutive  treat¬ 
ments.  The  two  e  ted  a r  >t  representative 

figures,  as  thoy  were  obtained  with  only  one  soil,  the  black 
silty  clay  loam,  and  are  not  averages  of  the  increases  for  the 
three  soils.  Referring  back  to  Tables  XIII,  XIV,  XV,  and  XVI, 


. 

. 


. 


. 

- 

i 


a  number  of  exo*  -  sonclusl  is  can  >e  noted* 

The  rc.su.lwj  re  jj.  tua  fur  the  ./a tier  soluble  nitrate 
content  of  tho  sterilized  bo  L;v  ...  sari  :ies  showed  much  vari¬ 
ability.  3o*h  increau-  uni  decrease  .jure  fuun^  to  result 
from  ate r ill zinc  at  12  pounds  pressure,  ^teriliaing  at  15 
pounds  pressure  eppec.ed  to  result  i.*  a  aore  consistent  loss 
in  ni urate,  fhe  nounu  of  loss,  however ,  was  quiuu  variable. 

It  would  thus  appear  that  stealing  soils  under 
pressure  causes  u  disappearance  of  nitrate,  fhis  is  in  agree¬ 
ment  with  the  results  of  a  nunbor  of  workers,  but  is  not  in 
agreement  with  the  findings  of  .’otter  uni  bn/der  (21]  v;ho 
reported  definite  increases  in  nitrate  on  steaming  under 
pressure. 

U3iug  tno  ineroaso  in  the  amount  of  ba3e-oxohangeable 
amr.ioniu  ns  an  indication  of  the  degree  of  ahemio&l  change 
inuuoea  by  steaming  under  pressure,  ic  would  appear  that  the 
least  chemical  change  would  bo  obtained  by  autoclaving  the 
samples  in  vn  air  dry  condition  at  lb  pounus  )res3uro  for  tho 
minimum  length  of  time  required  to  sterilize  in  one  treatment. 

The  minimum  sterilization  treatments  for  each  soil  ana  v/eight 
of  sample  resulting  in  the  least  increaso  in  ammonia  aro  given 
in  Table  XIX. 

As  is  observed  in  Table  XIX  ana  in  x’lgure  b,  the 
100  gram  samples  of  peat  appeur  to  require  less  time  to  sterilize 
at  lb  pouudo  pressure  than  the  bO  gran  samples.  This  is  not 
only  true  for  the  air  dry  samples  but  also  for  those  Incubated 
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Table  XIX 


Minimum  Sterilisation  Treatments  Resulting 
in  the  Least  Increase  in  ■jnnonia 


Length  of  Time  Required  to  Sterilize  Air  Dry  Samples 
at  lb  lb.  Treasure  (121°C) 


Weight  of 
Sample 
in  grams 

Time  in  Vinutes 

Gray  loam 

. -ro.vn  cilt 

loam 

niecL  siiLy 

clay  loam 

Teat 

50 

15 

20 

20 

120 

100 

30 

45 

45 

105 

250 

- 

- 

- 

210 

400 

60 

75 

120 

- 

1000 

150 

180 

240 

- 

and  sterilized  in  a  moist  condition.  Sterilizing  the  50  and 
100  grum  son  lies  in  a  moist  condition  at  12  pounds  prossure 
ro^ulres  the  name  amount  of  tine  for  each  weight. 

These  abnormalities  may  be  explained  by  the  observ¬ 
ation  that  the  50  gram  samples  filled  the  500  millilitre 
ifirlonmoyers  to  a  greeter  depth  than  the  100  gram  samples  filled 
the  1000  millilitre  Krlenmeyers.  Despite  the  fact  that  the 
results  were  verified,  the  stated  tines  required  to  sterilize 
100  grams  of  air  dry  and  moist  peat  should  be  accepted  with 
some  reservation. 
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The  use  of  steam  sterilized  soil  as  a  natural  medium 
for  the  study  of  soil  micro-organisms  appears  to  he  i±uite 
feasible.  The  small  changes  in  the  ammonia  and  nitrate 
nitrogen  contents  of  the  soils  caused  by  the  minimum  steril¬ 
ization  treatments  are  not  of  greater  magnitude  tnan  the  normal 
variations  found  to  occur  in  soil  under  natural  conditions. 

As  the  application  of  heat  appears  to  affect  other  chemical 
changes  to  a  lesser  degree  than  that  of  ammonia  production 
(7,  15),  it  would  seem  that  steam  sterilizing  soil3  without 
prohibitive  chemical  changes  is  achievable.  Before  a  definite 
conclusion  oan  be  made,  however,  a  more  extensive  survey  of 
the  chemical  and  physical  changes  induced  by  the  various 
minimum  steam  sterilization  treatments  would  be  neoessary. 


SUMMARY 


1.  The  requirements  for  steam  sterilisation  of  three 
Alberta  loam  soils  and  a  peat  were  investigated  and  the 

results  reported. 

2.  The  amount  of  organic  matter  and  the  texture  of  the 
three  loam  soil3  appeared  to  have  a  distinct  effect  on  the 
length  of  treatment  required  to  sterilize  the  larger  samples. 

3.  Incubating  and  steaming  the  soils  in  a  moist  condition 
was  found  to  reduce  the  tine  required  to  sterilize  the  larger 
samples  by  15  to  90  minutes  as  compared  to  air  dry  samples, 
but  had  little  effect  on  the  time  required  to  sterilize  the 
smaller  samples. 

4.  Sterilizing  the  samples  at  100  per  cent  of  water  hold¬ 
ing  capacity  did  not  appear  to  have  much  advantage  over 
sterilizing  at  50  per  cent  of  water  holding  capacity. 

5.  Steaming  under  pressure  resulted  in  an  increase  in  the 
amount  of  base-exchangeable  ammonia  in  the  soils  and  the  peat. 
This  increase  varied  from  1  to  30  parts  per  million  in  the 
soils  and  from  18  to  ICO  parts  per  million  in  the  peat. 

6.  The  amount  of  ammonia  released  by  steaming  under  pressure 
appeared  to  be  least  for  the  air  dry  samples  despite  the  more 
severe  treatments  required  to  sterilize  3Uoh  samples. 

7.  Sterilizing  by  means  of  one  soenra  treatment  appeared 
to  result  in  less  ammonia  increase  than  sterilizing  by  shorter 
consecutive  teatments. 

8.  Steaming  under  pressure  did  not  appear  to  result  in 
signif  icr  Tit  changes  in  the  nitrate  content  of  the  fifty  gram 
samples  but  tended  to  reduce  the  amounts  present. 


. 

a 


Ac  kuo  wl  0  dgmen  l 


The  writer  wishes  to  express  his  sincere  apprec¬ 
iation  to  Dr.  J.  D.  Ne*  ton,  Department  of  Coils,  under  whose 
supervision  th is  iuvesti  ation  was  carried  out,  and  to  Dr. 

F.  A.  V/yatt ,  Head  of  the  Department  of  Soils,  for  their 
suggestions  and  helpful  criticisms. 

Acknowledgment  is  also  made  to  members  of  the 
staff  from  whom  the  writor  received  consiuerablo  co-operation. 
A  special  expression  of  thanks  is  made  to  Ur*  V/.  C.  hinnen, 
for  his  suggestions  and  aid  throughout  the  investigation,  to 
Mr.  J.  held,  ana  Mr.  ft*  iiedlln,  who  assisted  in  the  ammonia 
and  nitrate  determinations,  tuiu.  to  Dr.  II.  ft.  Thornton,  of  the 
Department  of  Dairying,  who  Kindly  lo  nod  the  writer  the 
Spray  anaerobic  culture  dishes  and  who  made  numerous  helpful 
suggestions. 

This  investigation  was  na.e  possible  oy  the  generous 
financial  assistance  of  the  National  ftesear  h  Council,  to 
whom  the  writer  13  very  grateful* 


REFERENCES 


1.  ALLISON,  L.  E. 

Organic  soil  carbon  by  reduction  of  chromic  acid. 
Soil  Sc.  *0:  311-320.  1935. 

2.  BAVER,  L.  D. 

Soil  Physics. 

John  biley  and  Sons,  Inc.  New  York.  19<±0. 

3.  3QUY0UC0S,  G.  J. 

Effect  of  ignition  at  various  temperatures  upon 

certain  physical  properties  of  soils. 

Soil  So.  17:  135-139.  1924. 

4.  B0UY0UC0S,  G.  J. 

Direction  for  making  mechanical  analysis  of  soils 
by  the  hydrometer  method. 

Soil  Sc.  42:  223-228.  19^6. 

5.  COLEMAN ,  D.A.,  LINT,  K.C.,  &  KOPELOFF,  N. 

Can  soil  be  sterilized  without  radical  alteration? 
Soil  Sc.  1:  259-274.  1916. 

6.  FRED,  E.  B.,  end  l/AKSMAN ,  S.  A. 

Laboratory  Manual  of  General  Microbiology. 
McGraw-Hill  Book  Company,  Inc.  New  York.  1928. 

7.  GUSTAFSON,  A.  F. 

Effect  of  drying  soils  on  the  water  soluble 
constituents. 

Soil  Sc.  13:  173-213.  1922. 

8.  HARPER,  H.  J. 

Method  for  aeterminat ion  of  nitrates. 

Ind.  and  Eng.  Chem  16:  lbl.  1924. 

9.  JOHNSON,  J. 

Influence  of  heated  soil-  on  seed  gemination  and 
plant  growth. 

Soil  Sc.  7:  1-103.  1919. 

10.  JOHNSON,  J. 

Steam  sterilization  of  soil  for  tobacco  and  other- 
crops. 

U.  S.  D.  A.  Farmer’s  Bulletin  No.  1629.  1937. 

11.  JOHNSON,  J. 

Soil-steaming  for  disease  control. 

Soil  Sc.  61:  83-92.  1946. 


. 


.  . 


. 

•  f  • 

. 


12.  KELLEY,  W.P. ,  and  McGKORGE,  W. 

The  effect  of  heat  on  Hawaiian  soils. 

Hawaii  Agr.  Exp.  St a.  Bull.  30.  1913. 

1'6,  KELLEY,  W.  P.  ,  and  THOMPSON,  A.H. 

The  organic  nitrogen  of  Hawaiian  soils.  II.  Effects 
of  heat  on  soil  nitrogen. 

Jour.  /jner.  Chen.  Soc.  o-6:  43*— *38. 

14.  KOCH,  G.  P. 

Effect  of  sterilization  of  soils  by  heat  and 
antisceptios  upon  the  concentration  of  the  soil 

solution. 

Soil  Sc.  3:  197-270.  1917. 

15.  K0PEL0FF,  N. ,  and  COL  MAN,  D.  A. 

A  review  of  investigations  in  soil  protozoa  and 
soil  sterilization. 

Soil  Sc.  6:  197-270.  1917. 

16.  MoCULLOCIi,  E.  C. 

Disinfection  and  Sterilization. 

Lea  &  Febiger.  Philadelphia.  1936. 

17.  MoLEAN,  W.  ,  and  K OB I ^ SON,  G.  W. 

A  new  method  for  the  determination  of  ammoniacal 
nitrogen  in  soils. 

Jour.  Ag.  Sc.  1*:  5*8-554.  1924. 

18.  M ALOW ANY,  S.  N, 

Some  effects  of  steam  sterilization  on  physical, 
chemical  and  biological  relationshi  >s  of  soils. 
Unpubl i shed  thesis,  University  >f  lberta.  1938. 

19.  PATTEN,  H.  E. 

Heat  transference  in  soils. 

U.  S.  D.  A,  Bur.  Soils  Bull.  59.  1909. 

20.  PICKERING,  3.  U. 

Studies  on  germination  and  .plant-grov/th. 

Jour.  Ag.  Sc.  2:  *11-434.  1908. 

21.  PICKERING,  S.  U. 

The  action  of  heat  anu  antiseptics  on  soils. 

Jour.  Ag.  Sc.  6:  32-5*.  1900. 

22.  PICKERING,  S.  U. 

Studies  on  the  changes  occuring  in  heated  soils. 
Jour.  Ag.  Sc.  6:  258-266.  1909. 


. 


* 

- 


. 


.  . 


. 


(55. 


23.  POTTER,  R,  S.  ,  and  °NYDER,  R.  S. 

The  effect  of  heat  on  some  nitrogenous  constituents 
of  soil. 

Soil  Sc.  5:  197-213.  1918. 

24.  PURI,  A.  N. ,  and  ASGHAR,  A.  G. 

Physical  characteristics  of  soils:  effect  of 
ignition. 

Soil  Sc.  49:  369-378.  1940. 

25.  RAHN ,  0. 

Physical  methods  of  sterilization  of  Micro-organisms, 
Bact.  Reviews  9:  1-47.  March,  19^5. 

26.  RUSSELL,  E.  J. ,  and  HUTCHINSON,  H.  B. 

The  effect  of  partial  sterilization  of  soil  on  the 
production  of  plant  food. 

Jour.  Ag.  Sc.  3:  111-144.  1909. 

27.  SCHREINER,  0.,  and  LATHROP,  E.  C. 

The  chemistry  of  steam-heated  soils. 

U.  S.  D.  A.  Bur.  Soils  Bull.  89.  1912.  Also  in 
Jour.  Amer.  Chem.  Soc.  34:  1242-1259. 

28.  SENNER,  A.  H. 

Application  of  steam  in  the  sterilization  of  soils. 

U.  S.  D.  A.  Tech.  Bull.  443:  1-19.  1934. 


29.  SPRAY,  R.  B. 

An  improved  anaerobic  culture  dish. 

Jour,  of  Lab.  and  Clinic.  Med.  16:  203-206,  1930. 

30.  SREENIVASAN ,  A.,  and  AURANGABADKAR ,  R.  K. 

Effect  of  fire-heating  on  the  properties  of  black 
cotton  soil  in  comparison  with  those  of  gray  and 
of  humus-treated  soil. 

Soil  Sc.  50:  559-462.  1940. 

31.  UNDERWOOD,  W.  B. 

A  Textbook  of  Sterilization. 

American  sterilization  Company,  Erie,  '^enn.19#! 

32.  WAKSMAN,  S.  A.,  and  COOK,  R.  C. 

Incubation  studies  with  soil  fungi. 

Soil  Sc.  1:  135-152.  1916. 


